Borrelia burgdorferi, the spirochetal bacterium that causes human Lyme disease, encodes numerous lipoproteins which have the capacity to trigger the release of proinflammatory cytokines from a variety of host cell types, and it is generally believed that these cytokines contribute to the disease process in vivo. We previously reported that low-passage-number infectious B. burgdorferi spirochetes express a novel lipidation-independent activity which induces secretion of the proinflammatory cytokine tumor necrosis factor alpha (TNF-␣) by the mouse MC/9 mast cell line. Using RNase protection assays, we determined that mast cells exposed in vitro to low-passage-number, but not high-passage-number, B. burgdorferi spirochetes show increased expression of additional mRNAs representing several chemokines, including macrophage-inflammatory protein 1␣ (MIP-1␣), MIP-1␤, and TCA3, as well as the proinflammatory cytokine interleukin-6. Furthermore, mast cell TNF-␣ secretion can be inhibited by the phosphatidylinositol 3-kinase inhibitor wortmannin and also by preincubation with purified mouse immunoglobulin G1 (IgG1) and IgG2a, but not mouse IgG3, and by a mouse Fc gamma receptor II and III (Fc␥RII/III)-specific rat monoclonal antibody, suggesting the likely involvement of host Fc␥RIII in B. burgdorferi-mediated signaling. A role for passively adsorbed rabbit or bovine IgG or serum components in B. burgdorferi-mediated Fc␥R signaling was excluded in control experiments. These studies confirm that low-passage-number B. burgdorferi spirochetes express a novel activity which upregulates the expression of a variety of host cell chemokine and cytokine genes, and they also establish a novel antibodyindependent role for Fc␥Rs in transduction of activation signals by bacterial products.
Lyme disease, the most prevalent arthropod-borne disease in the United States, is a chronic inflammatory disorder caused by Borrelia burgdorferi sensu lato spirochetes (9) . Early symptoms of infection include fatigue, joint and muscle pain, and, in approximately 60% of cases, characteristic erythema migrans lesions. If the patient is not treated, secondary pathological symptoms may manifest as arthritis, carditis, and neurologic disorders (48) .
Numerous in vitro studies have confirmed that B. burgdorferi spirochetes can directly activate a variety of host cell types, eliciting effects which include proliferation, cytokine or chemokine secretion, and adhesion molecule upregulation (14, 15, 29, 30, 32, 34, 43, 44, 61) . It is generally believed that these events provoke heightened inflammatory responses and may contribute to the pathological manifestations seen in Lyme disease. Since activity is enriched in lipoprotein-containing subfractions (44) and studies with recombinant B. burgdorferi outer surface lipoproteins (Osps) indicate that lipidation is required (34, 60, 61) , this activity appears to be mediated mainly by bacterial lipoproteins, although some investigators have detected activity in nonlipidated recombinant Osps (17) . In a previous report (53), we described a novel lipidationindependent activity (LIA), expressed by low-passage-number infectious B. burgdorferi spirochetes, that induces the synthesis and release of the proinflammatory cytokine tumor necrosis factor alpha (TNF-␣) from mast cells. This activity can be destroyed by protease treatment and is expressed on the spirochete's surface (53) . In addition, the finding that expression of this activity is lost during in vitro passaging suggests that it is probably encoded on a plasmid.
We now demonstrate that mRNAs for additional mediators, including the chemokines macrophage-inflammatory protein 1␣ (MIP-1␣), MIP-1␤, and TCA3 and the cytokine interleukin-6 (IL-6), are upregulated in MC/9 mast cells following in vitro exposure to low-passage-number, but not high-passagenumber, B. burgdorferi spirochetes. In addition, we show that B. burgdorferi-mediated mast cell TNF-␣ secretion is sensitive to inhibition by wortmannin, an irreversible phosphatidylinositol (PI) 3-kinase inhibitor, and can be blocked by mouse immunoglobulin G1 (IgG1) and IgG2a, but not IgG3, antibodies and by the mouse Fc gamma receptor II and III (Fc␥RII/ III)-specific rat monoclonal antibody MAb) 2.4G2, indicating the likely involvement of Fc␥RIII in B. burgdorferi-mediated cytokine production by B. burgdorferi LIA.
MATERIALS AND METHODS
Borrelia strains. Low-passage-number (B31-LO) and high-passage-number (B31-HI) strains of B. burgdorferi B31 (5) were obtained from E. Hofmeister (Mayo Clinic, Rochester, Minn.). Spirochetes were grown in 6% rabbit serumsupplemented BSK-II medium and prepared as previously described (53) . Clones of B31-LO were derived at in vitro passage ϩ5 by outgrowth at 34°C in BSK-II at a limiting dilution in plastic-sealed, 96-well, round-bottomed plates, using an 80% probability-of-clonality Poisson cutoff. B. burgdorferi B31 clone 5.1 was used in many of the experiments because it consistently expresses high levels of B. burgdorferi LIA. Aliquots of B31-LO, B31-HI, and B31 clone 5.1 spirochetes were frozen at Ϫ80°C in BSK-II supplemented with 15% glycerol. To obtain spirochetes for experimentation, scrapings from frozen aliquots were inoculated into 4-, 15-, or 50-ml tubes containing complete BSK-II medium and grown at 34°C for 4 to 7 days.
Reagents. Lipopolysaccharide (LPS) from Escherichia coli and lipoteichoic acids (LTAs) from Bacillus subtilis, Streptococcus mutans, and Streptococcus sanguis were obtained from Sigma (St. Louis, Mo.). Wortmannin was kindly provided by Hattie Gresham (University of New Mexico). (22) . Purified mouse IgG1 (KLH/G1-2-2) and IgG2a (KLH/G2a-1-1) MAbs were obtained from Southern Biotechnology (Birmingham, Ala.). Purified IgG3 MAb (Fructosan/ J606) and anti-Fc␥RII/III (CD32/16) MAb 2.4G2 were obtained from PharMingen (La Jolla, Calif.).
TNF induction and bioassay. Cloned murine MC/9 mast cells (American Type Culture Collection, Manassas, Va.) (49, 50) were grown in complete Dulbecco's modified Eagle medium containing 50% IL-3-containing WEHI-3 supernatant as previously described (53) . To test B. burgdorferi populations for induction of TNF-␣ release, MC/9 mast cells (10 5 /well) were incubated with washed spirochetes at a spirochete:cell ratio of 100:1 in a total volume of 200 l at 37°C. After 8 h, 100 l of supernatant was removed and tested for TNF-␣ activity as previously described (1) . Prior to use in assays, spirochetes were washed several times in Hanks' balanced salt solution (Sigma) by centrifugation (10,000 ϫ g, 5 min), resuspended in mast cell medium, vortexed vigorously to reduce clumping, and counted by dark-field microscopy. Mast cells were also incubated with the calcium ionophore ionomycin (1 g/ml; Sigma) as a positive control. In several repeated control experiments, antibodies bound to spirochetes were removed by incubation overnight at 4°C in pH 5 isotonic buffer (25 mM Tris, 150 mM NaCl) (12) . Following neutralization by washing in pH 7.5 buffer, any additional serum proteins, such as C-reactive protein or serum-associated protein, bound to spirochetes were removed by 15 min of incubation in phosphate-buffered saline containing 1 mM EDTA (49) . Following several washes in serum-free HL-1 medium (Bio-Whittaker, Walkersville, Md.), spirochetes were incubated with MC/9 cells in HL-1 medium.
RNase protection assay. Cytokine mRNA expression was detected by using the Riboquant RNase protection assay (BD Pharmingen, San Diego, Calif.). MC/9 cells (3 ϫ 10 6 /well; 3 wells) coincubated with spirochetes (50:1 ratio) for various time periods at 37°C in 24-well plates were harvested, and total RNA was isolated by using a Qiagen RNeasy kit. Sample RNA (7 to 15 g) was then hybridized to [␣- 32 P]UTP-labeled murine multicytokine or multichemokine RNA probes sets (mCK-3b [TNF-␤, leukotriene ␤ {LT␤}, TNF-␣, IL-6, gamma interferon {IFN-␥}, IFN-␤, transforming growth factor ␤1 {TGF-␤1}, TGF-␤2, TGF-␤3, migration-inhibitory factor, ribosomal structural protein L32, and glyceraldehyde-3-phosphate dehydrogenase {GAPDH}] and mCK-5 [lymphotactin {Ltn} RANTES, eotaxin, MIP-1␤, MIP-1␣, MIP-2, IP-10, macrophage chemoattractant protein 1 {mcp-1}, TCA3, L32, and GAPDH]) according to the manufacturer's instructions. Following RNase treatment to destroy single-stranded RNA species, "protected" cytokine RNA probes were separated on 6% denaturing acrylamide gels and visualized by autoradiography. Bands were quantitated by using ImageQuant software, and levels of cytokine and chemokine mRNAs were expressed relative to levels of constitutively expressed L32 mRNA.
Statistical analysis. All experimental groups were analyzed in triplicate or quadruplicate, and values presented are means and standard errors of the means. Significant differences between groups were determined by using Student's t test, with P values Ͻ0.05 being accepted as significant.
RESULTS
Previous studies demonstrated that low-passage-number B. burgdorferi spirochetes are able to activate MC/9 mast cells to upregulate and/or stabilize message for the proinflammatory cytokine TNF-␣ at 4 h postchallenge and to secrete bioactive TNF-␣ at 8 h postchallenge (53) . To determine whether B. burgdorferi spirochetes were inducing other genes in MC/9 cells, we employed RNase protection assays to look for upregulation of additional cytokine and chemokine mRNAs. As shown in Fig. 1 and 2 , we observed a 10-fold increase in IL-6 mRNA at 4 h and a 10-to 20-fold increase in mRNAs for the chemokines MIP-1␣, MIP-1␤, and TCA-3 at 1 h following in vitro stimulation with low-passage-number B. burgdorferi spirochetes (B31-LO). In contrast, no increases in chemokine mRNA levels were observed when MC/9 mast cells were stimulated with high-passage-number B. burgdorferi spirochetes (B31-HI), despite the fact that these spirochetes retained the ability to induce comparable levels of spleen cell proliferation to low passage numbers (data not shown), thereby confirming their expression of bioactive lipoproteins. The ability of lowpassage-but not high-passage-number B. burgdorferi spirochetes to induce and/or stabilize chemokine MIP-1␣, MIP-1␤, and TCA-3 mRNAs suggests that induction of these genes is mediated by the same novel LIA previously shown to induce TNF-␣ (53) .
Recent data indicate that B. burgdorferi lipoproteins activate host cell cytokine secretion through interaction with the CD14-Toll-like receptor 2 (TLR2) complex (19, 26) . Our failure in the previous study to detect mast TNF-␣ secretion when cells were incubated with either purified recombinant B. burgdorferi Osp lipoproteins or lipoprotein-expressing high-passage-number B. burgdorferi spirochetes suggests that this CD14-and TLR2-dependent pathway may be missing in MC/9 mast cells, allowing for the detection of the novel activity. Thus far, only a handful of mast cell receptors have been linked to TNF-␣ secretion. These include the high-affinity Fc epsilon receptor for IgE (FcεRI) (37, 46) , the low-affinity Fc gamma III receptor for IgG (Fc␥RIII) (25, 59) , CD8 (18), CD43 (4), CD48 (31) , and the substance P receptor (2) . To explore the possible roles of these receptors in TNF-␣ induction by B. burgdorferi spirochetes, we examined the ability of wortmannin, a specific irreversible inhibitor of PI 3-kinase (38) , to affect TNF-␣ secretion. PI 3-kinase is known to be involved in both FcεR and Fc␥R signaling (36, 41) . As shown in Fig. 3 , wortmannin inhibited B. burgdorferi-mediated TNF-␣ secretion by MC/9 mast cells. These results indicate that PI 3-kinase is a necessary component in the B. burgdorferi-mediated signaling FIG. 1. Induction of increased IL-6 mRNA expression in MC/9 mast cells exposed in vitro to low-passage-number B. burgdorferi spirochetes. MC/9 cells (3 ϫ 10 6 /24-well plate) were treated with medium alone (Med.), B. burgdorferi B31 clone 5.1 spirochetes (Bb) (100:1 multiplicity), or 1 M ionomycin (Iono) for 4 h at 37°C. Total RNA was isolated from MC/9 cells by using a Qiagen RNeasy kit, and the presence of cytokine mRNA was determined by using the Riboquant RPA system. Protected cytokine mRNA bands were visualized by autoradiography (A), and bands were quantitated by using ImageQuant software (B). mRNA data presented are relative to mRNA levels for the internal-control L32 housekeeping gene.
cascade leading to mast cell TNF-␣ secretion and suggest the possibility that signaling occurs through either FcεR or one of the Fc␥Rs.
We next examined the possibility that B. burgdorferi was triggering mediator release by interacting with one of the Fc␥Rs. In addition to the high-affinity IgE receptor FcεRI, murine mast cells also express two low-affinity IgG receptors, Fc␥RIIb and Fc␥RIII (6). These two receptors, which have nearly identical binding properties due to a 95% sequence homology in their extracellular domains, are incapable of binding monomeric IgGs but can bind aggregated or antigen-bound mouse IgG1, IgG2a, and IgG2b, but not IgG3 (27) . As shown in Fig. 4 , prior incubation of MC/9 mast cells with preparations of mouse IgG1 and IgG2a, but not mouse IgG3, antibodies blocked the ability of B. burgdorferi spirochetes to induce TNF-␣ secretion, presumably by blocking interactions between B. burgdorferi LIA and a low-affinity Fc␥R. Furthermore, the Fc␥RII/III-specific MAb 2.4G2 (55) also blocked B. burgdorferi-mediated TNF-␣ secretion. While these antibody blocking data do not indicate whether Fc␥RIIb or Fc␥RIII is the receptor, previous studies have indicated that cross-linking of Fc␥RIII, but not Fc␥RIIb, triggers TNF-␣ production in transfected rat basophilic leukemia (RBL) cells (25) , making it more likely that B. burgdorferi spirochetes signal cytokine production by interacting with Fc␥RIII.
Few published reports have revealed antibody-independent cellular activation via Fc receptors (49, 50) . Thus, it was possible that the mast cell cytokine-inducing activity expressed by B. burgdorferi spirochetes grown in medium supplemented with rabbit serum and assayed in medium containing bovine serum was due to binding of bovine or rabbit IgGs or other serum components. To exclude this possibility, TNF-␣ induction was assayed under serum-free conditions, using spirochetes that had been treated to remove any contaminating serum components. To remove antibodies, B. burgdorferi spirochetes were incubated overnight at 4°C in Tris-buffered isotonic saline, pH 5 (12) . Untreated controls were incubated at pH 7.5. Following washing and neutralization with pH 7.5 isotonic saline, pH 5-treated spirochetes were incubated for 15 min in phosphatebuffered saline containing 1 mM EDTA (49) to remove any bound serum-associated protein or C-reactive protein, which also bind Fc␥Rs (49, 50) . However, the ability of spirochetes treated in this way to elicit TNF-␣ release from MC/9 cells under serum-free conditions was comparable to that of untreated spirochetes (pH 5 treated, 262 Ϯ 35 pg/ml; pH 7.5 treated, 256 Ϯ 22 pg/ml [data not shown]), indicating that a bacterial protein, and not a serum contaminant, is responsible for Fc␥R-mediated signaling of TNF-␣ release from mast cells.
DISCUSSION
B. burgdorferi lipoproteins have the ability to activate a variety of host cell types. These activation events have been shown to occur through TLR2 (26) in conjunction with CD14 (19) . Prior studies in our lab have shown that B. burgdorferi spirochetes can activate mast cells to secrete TNF-␣ via a lipidation-independent, protease-sensitive moiety that is expressed on the cell surface (53) . We considered it likely that this moiety had other mast cell-activating properties. Furthermore, due to the lipidation-independent character of this B. burgdorferi-associated activity, it was likely that B. burgdorferi LIA acted through a receptor distinct from CD14-TLR2.
In this study, using RNase protection assays, we showed that low-passage-number B. burgdorferi spirochetes have the ability to induce mast cells to upregulate and/or stabilize message for the proinflammatory cytokines TNF-␣ and IL-6 and the che- , or high-passage-number B31 spirochetes (B31-HI) (both at a multiplicity of 100:1) for 1 h at 37°C. RNA was isolated by using a Qiagen RNeasy kit, and the presence of message was determined by using the Riboquant RPA system. Protected mRNA bands were visualized by autoradiography (A), and chemokine mRNA was quantitated by using ImageQuant software (B). mRNA data presented are relative to mRNA levels for the internal-control L32 housekeeping gene.
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Fc␥Rs AND BORRELIA BURGDORFERI 415 on October 22, 2017 by guest http://iai.asm.org/ mokines MIP-1␣, MIP-1␤, and TCA-3 ( Fig. 1 and 2 ). In contrast, high-passage-number spirochetes (ӷ50 passages in vitro) did not show increased chemokine or cytokine mRNA expression (data not shown) or induce TNF-␣ secretion (53) . Because high-passage-number spirochetes still possess comparable levels of bioactive outer surface lipoproteins, as evidenced by their ability to induce levels of spleen cell proliferation comparable to those induced by low-passage-number spirochetes (data not shown), these findings strengthen prior assertions that this lipidation-independent activity is biochemically distinct.
Because the probe sets we used detected mRNAs for only nine proinflammatory cytokines and nine chemokines, it is possible that additional cytokine and/or chemokine mRNAs are also upregulated by low-passage-number B. burgdorferi. Nevertheless, these findings establish that exposure to B. burgdorferi LIA results in the activation of multiple proinflammatory cytokine and chemokine genes in MC/9 mast cells. TNF-␣ has a multitude of effects, ranging from neutrophil chemotaxis to macrophage activation to adhesion molecule upregulation (1) . IL-6 has many of the same effects and is also a potent inducer of acute-phase proteins (23) . The chemokines MIP-1␣ and MIP-1␤ are chemotactic for mononuclear cells and T cells (54) . MIP-1␣ is also chemotactic for mast cells and appears to play a role in differentiation of type 1 T cells (28) . TCA3 is chemotactic for neutrophils and macrophages (24) .
Since prior studies had indicated that B. burgdorferi spirochetes can bind to host cell integrins, including ␣ 5 ␤ 1 and ␣ v ␤ 3 (11), we initially examined the ability of RGD-containing peptides and anti-␤1 and -␤3 MAbs to block B. burgdorferi-induced TNF-␣ production by MC/9 mast cells. However, we observed no inhibition of TNF-␣ production by any of these reagents (data not shown).
A number of different surface molecules have been implicated in the triggering of TNF-␣ production by mast cells. These include the high-affinity receptor FcεRI (37, 46) , the low-affinity Fc␥RIII (25, 59), CD48 (31), CD43 (4), and the substance P receptor (2) . The ability of the PI 3-kinase inhibitor wortmannin to block B. burgdorferi-mediated TNF-␣ secretion (Fig. 3) suggested the possible involvement of Fc receptors since signaling through both FcεRI (41) and Fc␥Rs (36) is wortmannin sensitive.
Mouse cells express three distinct Fc␥Rs, Fc␥RI, Fc␥RII, and Fc␥RIII, each having different binding affinities for the different mouse IgG subclasses (20) . Fc␥RI is the high-affinity IgG receptor, and it binds monomeric IgG2a with high affinity and IgG1, IgG2b, and IgG3 with low affinity (21) . Fc␥RII and Fc␥RIII are low-affinity receptors with similar IgG binding characteristics because of the 95% amino acid homology in their extracellular domains. They bind aggregated mouse IgG1, IgG2a, and IgG2b, but not IgG3 (27) . Murine mast cells do not express Fc␥RI, but they do express both Fc␥RIIb and Fc␥RIII (6). Our finding that mouse IgG1, mouse IgG2a, and the Fc␥RII/III-specific rat MAb 2.4G2, but not mouse IgG3, are able to block B. burgdorferi-mediated TNF-␣ production by MC/9 mast cells (Fig. 4) implicated one of the low-affinity Fc␥Rs in this effect. Since these receptors are believed not to bind monomeric mouse IgG (27) , blocking by mouse IgG1 and IgG2a preparations may have been mediated by aggregates.
The known properties of these two Fc␥Rs, however, suggest that it is more likely that Fc␥RIII has a role in B. burgdorferimediated signaling. In contrast to Fc␥RIIb, Fc␥RIII acts mainly as a cell-activating receptor (20) . Like FcεRI, Fc␥RIII is a multisubunit receptor and it shares a common ␥ chain with FcεRI (40) . The ␥ chain is thought to be the major signaling molecule since it bears an immunoreceptor tyrosine-based activation motif in its cytoplasmic tail (7, 8) . Cross-linking of Fc␥RIII (or FcεRI) leads to cell activation which is accompanied by tyrosine phosphorylation (8) and Ca 2ϩ mobilization (10) . Fc␥RIIb, in contrast, appears to function as an inhibitory or regulatory receptor (39) . Its single ␣ chain bears an immunoreceptor tyrosine-based inhibitory motif (13) . Cross-linking of Fc␥RIIb does not induce tyrosine phosphorylation or Ca 2ϩ mobilization (56) and is known to downregulate B-cell activation (3). Perhaps most relevant to this study, transfection of Fc␥RIII, but not Fc␥RIIb, into nonexpressing rat RBL mast cells rendered these cells capable of TNF-␣ secretion when cross-linked with the Fc␥RII/III-specific MAb 2.4G2 (25) . Furthermore, the finding that cross-linking of Fc␥RIIb downregulates PI 3-kinase activity (41) also argues against a role for Fc␥RIIb in signaling since PI 3-kinase is necessary for B. burgdorferi-induced mast cell TNF-␣ production by mast cells (Fig.  3) .
The nature of the physical association between B. burgdorferi LIA and Fc␥R resulting in host cell signaling and TNF-␣ production is unknown. By analogy with antibody-mediated activation (20) , it probably requires receptor cross-linking. The fact that activity is destroyed by limited proteolysis of live organisms and remains associated with pelleted bacteria despite intense sonication (53) is consistent with a requirement for arrayed, surface-expressed B. burgdorferi LIA for efficient Fc␥R cross-linking.
Recent studies have demonstrated that B. burgdorferi lipoproteins activate cells by signaling through CD14-TLR2 receptors (19, 26, 61) . It is likely that our ability to efficiently detect B. burgdorferi LIA in MC/9 mast cells is a consequence of the absence of this activation pathway in this cell line. In support of this hypothesis, MC/9 cells fail to make TNF-␣ when stimulated with several different forms of LTA, which is known to activate cells via the TLR2 pathway (47; J. Talkington and S. P. Nickell, unpublished observations). LPS, which appears to signal through TLR4 (42), also did not induce TNF-␣ production in MC/9 cells (53), suggesting that the TLR4-dependent activation pathway is also absent in these cells. In vivo studies suggest that LPS may not be a significant inducer of mast cell TNF-␣ (16). Interestingly, despite the insensitivity of MC/9 mast cells to direct LPS stimulation, such costimulation significantly augmented B. burgdorferi-induced TNF-␣ production by these cells (212 Ϯ 28 versus 118 Ϯ 16 pg/ml [pooled data from four experiments]). While the mechanism responsible for such LPS augmentation of cytokine production is not known, it has also been observed in bone marrow-derived mast cells activated by FcεRI cross-linking or c-kit stimulation (33) . In contrast, B. burgdorferi-mediated TNF-␣ production in MC/9 cells was not augmented by LTA.
While this is not the first report of host-pathogen signaling through FcRs (45, 62) , to our knowledge it is the first report of direct FcR signaling by a bacterial pathogen. Current views of Lyme disease pathology hypothesize that bioactive bacterial products contribute to tissue damage by provoking the release of proinflammatory cytokines or chemokines and other inflammatory mediators from host cells. Our finding that interaction between Fc␥Rs and B. burgdorferi-associated proteins leads to host cell cytokine production raises the possibility that such signaling contributes to pathological events in vivo. However, considering the very high biological potency of lipoproteins (60) , it is likely that lipoprotein-mediated effects significantly outweigh lipidation-independent effects in vivo. This is supported by preliminary studies which found that levels of B. burgdorferi spirochete-induced TNF-␣ produced in vitro by bone marrow-derived macrophages from either common Fc ␥-chain-deficient mice [C57BL/6 (B6)-Fcer1g], which lack expression of FcεRI, Fc␥RI, and Fc␥RIII (51, 58), or Fc␥RIIb-deficient mice (B6-Fcgr2) (52) were not significantly reduced compared to wild-type Fc␥R-expressing B6 mice (Talkington and Nickell, unpublished observations), suggesting that lipoprotein-mediated signaling via TLR2 is dominant over lipidation-independent signaling via Fc␥Rs. Additionally, while our data suggest that positive signaling for TNF-␣ production by B. burgdorferi LIA occurs through Fc␥RIII, similar interactions between B. burgdorferi LIA and Fc␥RIIb may also occur, with possible regulatory consequences. It is perhaps of some relevance to the present work that recent studies have demonstrated a role for the Fc receptor common ␥ chain in the development of inflammation and cartilage damage in a mouse model of experimental antigen-induced arthritis (57) . Also, a genetic polymorphism in human Fc␥RIII has recently been linked to arthritis susceptibility (35) . Ultimately, the relevance of B. burgdorferi-Fc␥R signaling events to outcome will have to be determined empirically. In studies under way, we are addressing whether Fc␥R signaling can modify B. burgdorferi lipoprotein-mediated cytokine production in vitro and whether the course of B. burgdorferi infection differs in Fc␥R-deficient and wild-type mice.
